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RECOVERY OF FLAKE GRAPHITE FROM STEELMAKING KISH

By P. D. Laverty,! L. J. Nicks,? and L. A. Walters®

ABSTRACT

This report describes a processing method developed by the U.S. Bureau of Mines to produce high-
quality flake graphite from the steelmaking waste known as kish. The kish produced by current
steelmaking practices is a mixture of graphite, desulfurization slag, and iron that is skimmed from the
molten iron feed to the basic oxygen furnace. It is estimated that the graphite content of kish discarded
by U.S. steel plants is more than sufficient to meet the total U.S. demand for flake graphite, That need
is now filled by natural graphite from foreign sources.

Kish was treated by a combination of screening and hydraulic classification to produce a concentrate
containing greater than 70 pct graphite. Leaching of the concentrate with hydrochloric acid solution
gave a graphite product with 95-pct purity. An optional secondary leaching operation with hydrofluoric
acid produced graphite with a purity of 98 pct or greater. The flake size of graphite from kish ranged
from 10 mesh down. Evaluation of test samples by industrial graphite users indicated that kish graphite
is a suitable substitute for the natural material for most uses. A process flowsheet and material balance
for pilot plant design are presented.

!Chemical engineer (now with Army Corps of Engineers, Anchorage, AK).
2Research chemist.

3Supervisory physical scientist (retired).

Reno Research Center, U.S. Bureau of Mines, Reno, NV,



INTRODUCTION

As part of its research efforts to encourage conserva-
tion and reuse of natural resources, the U.S. Bureau of
Mines (USBM) has investigated the recovery and purifica-
tion of flake graphite from a steelmaking waste known as
kish. Graphite is a strategic mineral for which there are
currently no domestic sources. Its major uses are in re-
fractories and crucibles used in steelmaking, lubricants,
brake linings, electric motor brushes, and batteries. Dur-
ing the 5 years ending in 1992, the United States imported
an annual average of 53,000 st of natural graphite, mainly
from Mexico, China, Brazil, and Madagascar.*

A possible alternate source of flake graphite is kish.
Kish is a general term for the waste material that collects
at the surface of molten iron (hot metal) after it is tapped
from a blast furnace. At tapping temperature, the liquid
iron is saturated with dissolved carbon. As the iron cools
during tapping and transporting to the steel shop, it be-
comes supersaturated and carbon comes out of solution as
flakes of graphite which float to the surface of the iron.
The hot metal is usually transported from the blast furnace
to the steel shop in a refractory-lined railcar known as a
Pugh ladle or torpedo car. Since the blast furnace is
typically tapped every 4 h and the basic oxygen furnace
(BOF) for steelmaking runs at about 30 min per batch, the
Pugh ladles also provide surge capacity for the plant. The
longer the hot metal is held, the greater the cooling, and
the greater the yield of graphite. Longer holding times
also result in the formation of larger graphite flakes, which
have a higher value.

Upon entering the steel shop, the hot metal is usually
desulfurized by injecting a mixture of magnesium and lime
or calcium carbide and lime. Desulfurization may be done
directly in the Pugh ladle or, more commonly, in a transfer
ladle that is filled from the Pugh ladle. The desulfuri-
zation operation produces a lime-rich slag that mixes with
the graphite already present as well as with additional
graphite that is released during the process. The final step
before pouring hot metal into the BOF is skimming. To
remove all the slag and graphite from the surface of the
hot metal, some iron is also skimmed. It is this mixture
that is called kish. The skimmed kish is transported in
refractory-lined pots to a dumping area, where it is al-
lowed to cool. Large lumps of iron are recovered for
recycle, and the remaining kish is buried.

This investigation studied physical beneficiation and
chemical purification methods to recover and purify flake
graphite contained in kish. Emphasis during physical
beneficiation was on producing a graphite concentrate with
maximum recovery of the larger flake sizes and on
minimizing the acid consumption required for final puri-
fication. Chemical purification experiments investigated
the effects of different leaching solutions and conditions
on producing graphite with physical properties and purity
similar to those of natural graphite. Finally, samples of
the purified graphite products were sent to industrial
graphite users to determine if kish graphite could be
substituted for natural flake graphite.

MATERIALS

The quantity of kish produced and its chemical and
physical properties vary from plant to plant owing to
variations in production practices. Kish used in this study
was collected as a 3,000-Ib (1,400-kg) sample from an Ohio
steel plant. Preliminary work with this material had shown
that 99 pct of the free graphite content occurs in the minus
4-mesh fraction and over 90 pct is in the minus 10-mesh
fraction, The entire bulk sample was therefore screened
for a target recovery of 95 pct of the graphite at 6 mesh.
The plus 6-mesh material was discarded, and the undersize
was split into four equal portions.

Particle size of the starting material ranged from
6-mesh pieces of iron down to micrometer-sized particles
of slag. The wide variation in size and composition of
individual particles made head sample analysis difficult.

“Taylor, H. A., Jr. Graphite (Natural). Sec. in USBM Miner,
Commod. Summ. 1993, p. 74.

An approximate composition of the minus 6-mesh kish is
listed in table 1. The metallic iron portion of kish contains
5.5 pet C, present as solid solution, as iron carbide grains,
and as finely divided exsolved graphite. Therefore, it is
important to note that the head sample with a total carbon
content of 15.6 pct contained only 12.6 pct recoverable free
graphite.

Table 1.—Composition of minus 6-mesh kish, percent

Covvvvvnvnnnnnnn, 156 | 8 .......cvuit 3.8
CaD.............. 97 | S0, ...viiiiin, 9.2
[ 546 | HO ....ovvvutns. 2.9
MgO .........c 2.7 | Other (Al,0; MnO, P) 1.5

The chemicals used during the project were purchased
in bulk and were of commercial purity,



PHYSICAL BENEFICIATION

The first phase of the research involved investigating
various methods of physical beneficiation for producing a
graphite concentrate from the screened raw kish. Any
grinding of the material was ruled out because of the high
value associated with large flake graphite, Particular
emphasis was placed on methods that would not cause
excessive attrition of the graphite flakes. Studies of air
elutriation, magnetic separation, froth flotation, foam elu-
triation, and hydraulic classification are described below.

AIR ELUTRIATION

The first method of separation studied was air elutria-
tion. The elutriation columns were vertical plastic pipes
13 ft (4.0 m) tall through which an upward airflow was
provided by suction blowers designed for industrial vacuum
cleaners. Feed points into the columns were 50 in (1.3 m)
from the column tops, and minus 6-mesh kish was fed by
a vibratory feeder into the center of the columns. Col-
umns 4 and 6 in (10.2 and 15.2 cm) in diameter were used
to obtain closely controlled air velocities ranging from 3 to
15 ft/s (0.9 to 4.6 m/s). Airflow was measured with an
orifice plate flowmeter and a differential pressure cell
which activated an automatic power controller for the
blowers.

Kish fed into an operating column resulted in two
products. The heavy, iron-rich fraction fell through the
column into an underflow collection bin. The light,
graphite-rich fraction was transported upward through a
reducer at the top of the column, turned downward, and
settled in an overflow collection bin, The air passed
through a filter in the overflow bin and through the flow-
meter to the blower plenum.

Experiments were conducted to determine the effects
of changing air velocity on graphite recovery and product
grade. Air velocities of 7.0 to 11.0 ft/s (2.1 to 3.4 m/s)
were tested using approximately 1 ft3 (0.03 m®) of minus
6-mesh kish. Sieve analyses of the underflow and overflow
products enabled the following observations to be made:

» Increasing air velocity increased the portion of the
feed captured as overflow product.

» Increasing air velocity increased the amount of
coarse graphite flake in the overflow product.

+ Carbon content decreased and contaminant (Al, Ca,
Fe, Mg, Mn, SiO,) content increased for decreasing
particle size in the overflow.

+ Increasing air velocity decreased carbon content and
increased contaminant content in any specific size fraction
of overflow.

Table 2 lists size distribution and chemical analysis data
for air elutriation overflow produced at 9.0 ft/s (2.7 m/s).
The data show the decrease of carbon content as size de-
creases. Producing a feed material for subsequent acid
leaching that is as clean as possible is important to min-
imize acid consumption and waste solution treatment.
From the data in table 2, it was judged that acid leaching
the minus 100-mesh overflow would not be practical. The
minus 100-mesh fraction accounted for 47 wt pct of the
overflow but contained 71 pct of the Ca, 51 pct of the Fe,
and only 28 pct of the C. Discarding the minus 100-mesh
fraction from the air elutriation overflow would quickly
remove a major portion of the acid-consuming contam-
inants with an acceptable sacrifice in recovery of the
smallest graphite flakes.

Table 2.—Size distribution and chemical analysis for overflow! produced at air velocity of 9.0 ft/s (2.74 m/s)

U.S. sieve Weight Chemical analysis, pct Distribution, pct
size, mesh fraction, c Ca Fe SiO, C Ca Fe 8io,
pct

Plus20 ......coviiiniinniinvnnenens 4.3 88.4 1.2 6.4 1.5 9.8 0.4 1.3 1.4
Minus 20 plus40 .............00vuy.. 9.5 75.3 3.6 10.2 2.2 18.4 2.7 4.5 4.5
Minus40plus50 ........ocvvvevvnnn. 10.1 52.8 7.9 18.0 5.2 13.7 6.2 8.5 11.4
Minus50plus 60 ........ocvvvvvnnnnn 7.6 46.5 88 222 7.4 9.1 5.2 7.9 12.2
Minus60plus 80 .............cvvnnns 15.0 39.8 82 258 4.6 15.3 9.6 18.1 15.0
Minus 80 plus100 ................... 6.2 36.9 9.5 31.2 4.6 5.9 4.6 9.1 6.2
Minus 100 plus 140 .................. 12.2 29.2 11.3 31.2 4.6 9.1 10.7 17.8 12.2
Minus 140plus200 .................. 9.6 216 16.3 29.1 47 5.3 11.4 13.1 9.8
Mnus 200 .......ccoiiiiiiiiin i, 25.5 20.5 248 16.5 4.9 13.4 49.2 19.7 27.2

100.0 38:9 129 214 4.6

1000 1000 1000  100.0

10verflow product represented 27,2 wt pot of the feed.



The plus 50-mesh fraction of the overflow did not
appear by microscopic examination to contain discrete
particles of iron or slag. The contaminant particles were
incorporated within the graphite flakes, and further puri-
fication required chemical methods.

The minus 50- plus 100-mesh fraction contained both
flake graphite and discrete contaminant particles. Addi-
tional treatment of this size fraction was studied and is
discussed in the froth flotation section of this report.

Air elutriation underflow was predominantly coarse
iron and slag but also contained flake graphite. Visual
inspection of various size fractions of the underflow
showed that flake graphite was present in the minus 6-
plus 20-mesh fraction. Magnetic separation and froth
flotation were two methods tried to recover additional
flake graphite from air elutriation underflow.

MAGNETIC SEPARATION

The most obvious choice of methods for physical sepa-
ration of graphite from a large quantity of iron is mag-
netic separation. Both low- and high-gradient tests were
made with Carpco laboratory separators in attempts to
recover additional graphite from the heavy air elutriation
tailings. As expected, iron was easily separated from the
nonmagnetic slag, but graphite particles were distributed
between both products. Microscopic examination of the
graphite showed that many of the flakes contained small
embedded spheres of iron that caused them to respond as
magnetic particles. This was found to be a common oc-
curence in kish samples from a variety of sources, and it
makes magnetic separation nearly useless.

FROTH FLOTATION

Graphite is naturally hydrophobic and requires no col-
lector for flotation if it has clean surfaces. It floats so
easily, in fact, that graphite smeared on accompanying
particles of slag and iron also causes them to float if the
frother is too aggressive. Initial experiments with a pine
oil frother demonstrated this, so methyl isobutyl carbinol
(MIBC) was chosen as a more selective frother for which
the flotation efficiency could be increased if necessary
by adding kerosene. Flotation experiments were per-
formed using a Denver laboratory-sized flotation machine.
Impeller speed was set at 800 rpm to minimize graphite
attrition. The amount of MIBC and kerosene added and
conditioning time were the variables in experiments using
minus 6- plus 20-mesh air elutriation underflow as feed.
Froth flotation was effective in producing a concentrate
high in carbon and low in contaminants. Results from
these tests are listed in table 3. The apparent low carbon
recovery occurs because only 51 pet of the total carbon is
recoverable graphite; the remainder is locked within iron
particles.

Success with froth flotation in recovering additional
graphite from air elutriation underflow led to flotation
experiments using the minus 50- plus 100-mesh air elu-
triation overflow as feed. Flotation using only MIBC
frother was effective in producing a concentrate that con-
tained virtually all the graphite present in the feed while
rejecting most of the contaminants. Table 4 lists results
for flotation of minus 50- plus 100-mesh air elutriation
overflow. Use of kerosene along with MIBC resulted in
increased amounts of contaminants in the flotation con-
centrate, compared with the concentrate produced using
only MIBC.

Table 3.—Froth flotation results using air classifier underflow material

Test varlables!

Flotation concentrate chemical

Fraction of total in

MIBC, Kerosene, Conditlon, analysis, pct concentrate, pct
drops drops s c Ca Fe Mg  SiO, Wt c Ca Fe Mg Sio,
4 0 15 75.1 3.1 8.4 0.9 5.3 1.0 9.6 0.6 0.1 0.8 0.4
4 3 15 53.9 341 15.4 0.8 18.6 5.0 40.4 4.6 1.2 4.6 9.2
4 3 0 63.3 24 12.9 0.6 14.8 4.8 39.5 2.5 1.1 2.4 5.1
4 7 0 51.1 3.2 15.5 0.8 21.2 5.5 39.2 4.5 1.3 4.5 11.3
3 10 30 43.9 3.6 18.4 1.0 28.3 5.8 37.5 7.6 1.3 7.5 21.9
0 0 0 72 40 640 1.0 90 NAp NAp NAp NAp NAp NAp
NAp  Not appilicable.
LAl tests used 1,100 mL H,0 and 200 g of minus 6- plus 20-mesh feed.
2Head sample.
Table 4.—Results for froth flotation® of minus 50- plus 100-mesh overflow product
Chemical analysis, pct Distribution, pot
C Ca Fe Mg SiO, Wt C Ca Fe Mg Sio,
Concentrate . ............. 59.6 3.3 17.5 0.9 2.8 72.8 96.3 37.9 55.9 36.4 56.0
Tailings «.....oovvnvunnns 6.1 14.5 36.9 4.1 5.9 27.2 37 62.1 441 63.6 44,0
Head ................... 45.1 6.3 22.8 1.8 3.6 100.0 100.0 100.0 100.0 100.0 100.0

LAl tests: 1,200 mL H,0, 100 g kish, 4 drops MIBC, conditioned for 1 min.



FOAM ELUTRIATION

Recent mineral processing and extractive metallurgy
literature has reported increased grade and recovery in
flotation circuits that have switched to column flotation.
Column flotation experiments using kish as feed were con-
ducted after the successful results from the standard
flotation experiments. Minimizing attrition of flake graph-
ite was another potential advantage offered by column
flotation.

A clear plastic 6-in (15.2-cm) diam by 14-ft (4.3-m) tall
column was constructed. Compressed air, reagents, and
water were introduced at the base through a bubble in-
jector. Concentrate was collected at the top of the col-
umn, and tailings settled into a collection tank below the
bubble injector.

Column flotation tests using minus 6-mesh kish as feed
were promising, but by observing the column during test
runs it was easily seen that a large amount of graphite was
not being lifted into the foam overflow. Operation of the
column was modified so that there was a net overflow of
water out the top of the column, thereby decreasing the
foam zone of the column from 3 to 4 ft (0.9 to 1.2 m)
down to 1/2 in (1.2 cm). Without a tall, distinct foam
zone for drainage and concentrate cleaning, operation of
the column departed from column flotation; we have called
the operation foam elutriation.

Foam elutriation tests were conducted using minus
6-mesh kish as feed and kerosene and tetradecyltrimethyl
ammonium bromide as conditioning reagents. Table 5
compares foam elutriation concentrate and air elutriation
overflow. The results show that foam clutriation produces
a cleaner product than air elutriation. A problem with
foam elutriation is that throughput for comparably sized
columns is less than one-fifth of that for air elutria-
tion, Air elutriation tests had been conducted with specific
feed rates as high as 600 (Ib/h)/ft* [2,929 (kg/h)/m?].
This compares with a maximum of 90 (Ib/h)/ft?
[439 (kg/h)/m?] for foam elutriation.

Experiments were performed to determine if foam elu-
triation would reject contaminants from the air elutriation
overflow. The hope was to reject the fine iron present
in the air overflow in order to decrease acid consumption

during leaching. Air elutriation overflow produced at
9 ft/s (2.7 m/s) was used as foam elutriation feed. Re-
sults from a test are listed in table 6. Visual inspection
and chemical analysis of the foam eclutriation tailings
showed that fine iron present in the feed was rejected to
the tailings.

Table 5.—Comparison of composition of foam and air
elutriation products

Foam! Air?
Composition, pet:
Al e 0.27 0.32
C o e e 55.6 38.9
[ 6.8 129
- PN 18.6 21.4
MG o e 2.0 2.8
L 0.25 0.32
IO, e e 4.2 45
Percent of feed resulting as product ... ... 211 27.2

ITetradecyitrimethyl ammonium bromide at 70 g/t, kerosene at
90 g/t, feed rate at 90 (Ib/h)/ft* [439 (kg/h)/m?].

Air velocity at 8.0 ft/s (2.74 m/s), feed rate at 410 (Ib/h)/it?
[2,001 (kg/h)/m?].

Use of air elutriation to process the raw kish followed
by foam elutriation of the air overflow resulted in cleaner
material going to acid leaching and alleviated the problem
of low specific feed rate through the foam column because
the foam column treats less than one-third of the initial
feed material. Chemical analysis of minus 100-mesh air
elutriation overflow showed that it would be impractical to
leach this size fraction. Removal of the minus 100-mesh
air elutriation overflow before the foam elutriation column
would result in even less material to be handled by the
foam column and a cleaner foam concentrate to go to
leaching. Table 7 lists results for a test in which 9.0 ft/s
(2.7 m/s) air elutriation overflow was screened at 100
mesh and the plus 100-mesh material was used as feed
for foam elutriation. The combination of air elutriation,
screening of the air column overflow at 100 mesh, and
feeding the plus 100-mesh material to foam elutriation
resulted in a concentrate with 62 pct C. The weight of the
foam concentrate represented 12 pet of the initial minus
6-mesh air clutriation feed.

Table 6.—Results from foam elutriation test using air elutriation overflow as feed*

Wit pet Chemical analysis, pct
Al C Ca Fe Mg Mn SO,
Feed ............ivivivininnt, 1000 03 400 95 219 28 04 44
Foam concentrate . .............. 82.8 03 471 84 182 24 03 40
Foam tailings . .................. 17.2 0.5 58 145 398 47 06 65

Tetradecyltrimethyl ammonium bromide at 50 g/t, kerosene at 50 g/t, feed rate at 31 (Ib/h)/it?

[151 (kg/h)/m?].
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Table 7.—Resuits from foam elutriation test using plus 100-mesh
air eluirlation overflow as feed!

Wt pot Chemical analysis, pet
Al c Ca Fe Mg Mn SiO,
Feed .......coiviiiiiiiinnnnen 100.0 02 529 61 194 17 03 43
Foam concentrate ............... 83.4 0.2 622 50 185 12 02 34
Foamfailings ................... 166 05 63 115 387 40 06 9.1

Tetradecyitrimethyl ammonium bromide at 50 g/t, kerosene at 50 g/t, feed rate at 31 (lo/h)/ft?

[151 (kg/h)/m?].

HYDRAULIC CLASSIFICATION

A series of tests was performed to determine if hydrau-
lic classification could adequately separate flake graphite
from raw kish. Tests were made with a laboratory model
of a patented device manufactured by Krebs Engineers
with the trademark of Whirlsizer.> The device is a water
elutriation column with an additional low-velocity cyclone
action for improved efficiency. Performance is controlled
by variation of waterflows at two input points and two out-
put points. Elutriation and dilution water are both input
streams; and the top-bottom output split is controlled by
throttling the underflow. Operation of the Whirlsizer clas-
sifier with raw kish feed resulted in a graphite-rich over-
flow product and an iron-rich underflow tailing. The flow
rates reported refer to a 3.25-in (8.3-cm) ID Whirlsizer
classifier.

Initial tests determined the best flow rates for proc-
essing minus 6-mesh kish to be 2.0 gal/min (7.6 L/min)
for dilution water, 1.5 gal/min (5.7 L/min) for elutriation
water, and 0.5 gal/min (1.9 L/min) for underflow water.
Sieve sizing and chemical analysis of the overflow product
led to the decision to discard the portion passing through
a 100-mesh screen. The effects of varying kish feed
rate were also evaluated. The test results, listed in ta-
ble 8, show that the Whirlsizer classifier produced, in one
step, a concentrate comparable to that from both air and
foam elutriation processing. The feed rate of 30 lb/h
(13.6 kg/h) corresponds to a specific feed rate of
525 (Ib/h) /ft?[2,563 (kg/h)/m?], which is very close to the
amount of kish handled by the air elutriation column,

Chemical analysis of the size fractions from the clas-
sifier overflow product showed that contaminant content
increased with decreasing particle size. Further tests were

SReference to specific products does not imply endorsement by the
U.S. Bureau of Mines.

conducted using the minus 50- plus 100-mesh fraction of
the primary classifier overflow as feed material to deter-
mine if reprocessing this fraction would reject additional
contaminants. Results from these tests are listed in ta-
ble 9. Best conditions for reprocessing minus 50- plus
100-mesh primary classifier overflow were elutriation water
flow rate of 1.0 gal/min (3.8 L/min), dilution water at
1.5 gal/min (5.7 L/min), and underflow at 0.5 gal/min
(1.9 L/min). These conditions represent the best com-
promise between carbon recovery, contaminant rejection,
and product grade.

Table 8.—Effect of feed rate on grade and recovery
for Whirlsizer classifier overflow product!

Portion of feed as  Chemical analysis of plus

Feed rate, plus 100-mesh 100-mesh overflow,
Ib/h overflow, wt pet pet
Cc Ca Fe S8IO,
62 ..., 1.7 610 55 131 4.2
43 ... 16.3 627 54 123 44
30 .....000. 17.8 636 51 120 43

Feed material: minus 6-mesh kish, Classifier waterflow pa-
rameters: velocity water 1.5 gal/min, feed water 2,0 gal/min, un-
derflow water 0.5 gal/min (5.7, 7.6, 1.9 L/min).

Combining the plus 50-mesh primary overflow with the
secondary overflow from retreating the minus 50- plus
100-mesh primary overflow resulted in material for acid
leaching that was 70 pct C. Table 10 compares the com-
position of these two separate products, the combined
classifier product, and the concentrate produced by com-
bined air-foam elutriation processing. Concentrate from
the two-stage Whirlsizer classifiers requires 34 pet less acid
to remove the remaining impurities than does the product
of combined air and foam elutriation.



Table 9.—Results from reprocessing minus 50- plus 100-mesh primary Whirlsizer classifier

overflow!

Chemical Portion of minus 50-

Waterflow, gal/min analysis of plus 100-mesh feed

Velocity Dilution Underflow overflow, pot as overflow, wt pet
C Fe Feed o] Fe
25 25 0.5 52,1 19.1 93.6 96.5 88.4
20 2.5 05 54.0 18.1 90.0 94.8 80.6
1.5 2.0 0.5 52.9 17.0 85.4 92.0 73.6
1.0 2.0 0.5 69.7 14.7 74.6 87.2 54.4
1.0 1.5 05 65.8 12.2 64.8 81.8 38.9
0.5 2.0 0.5 69.3 10.8 53.3 68.4 32.0

LAverage feed rate of 17 lb/h [290 (Ib/h)/f%], 1 gal/min (3.78 L/min).

Table 10.—Composition of plus 100-mesh feed for acid leach circuit

Chemical analysis, pct Portion of minus 6-mesh

Fraction Al C Ca Fe Mg Mn SiO, feed going to acid
leach, wt pot
Plus 50-mesh primary classifier overflow ... ............. 014 743 38 80 10 011 29 6.3
Minus 50- plus 100-mesh secondary classifier overflow .. ... 020 658 47 122 20 019 341 5.0
Combined classifier feed to acidleach ................. 017 701 42 98 14 015 30 11.3
Combined air and foam column feed to acid leach .. ...... 020 622 50 155 12 020 34 11.9

CHEMICAL PURIFICATION

Physical beneficiation of kish resulted in a graphite con-
centrate with a carbon content of 70 pct, with most of the
contaminants present either as discrete grains locked
within the graphite flakes or as compounds intercalated
between the graphite planes. While this material may be
used in some applications, most uses of flake graphite re-
quire a minimum purity of 85 pct, and many high-value ap-
plications need material with purities of 95 pct or greater.
Chemical purification involving acid leaching is the most
practical way of removing contaminants from the concen-
trate while preserving flake size.

ACID LEACHING

Sulfuric acid leaching was examined first. Preliminary
experiments showed that sulfuric acid could leach most of
the contaminants from kish graphite, but the calcium
present reprecipitated as gypsum (CaSO, < 2H,0) onto the
graphite. Precipitation of gypsum resulted in a product
of only 88 pct C. Experiments using H,SO, were discon-
tinued at this point.

Leaching experiments were next conducted with HCI.
Preliminary experiments showed that (1) HCI leaching
could produce a graphite product of 95 pct C, (2) flake

graphite had a natural tendency to float to the liquid
surface, and (3) generation of H,S and CO, gas bubbles
attaching to graphite flakes increased the problem of
flakes floating to the surface.

Column leaching was the method selected to overcome
flake flotation and to minimize flake attrition. Experi-
ments were conducted in 4-in-diam by 12-in-tall plastic col-
umns. Acid solution was pumped up through the bottom
of the kish-graphite-filled column. Unexpected problems
of high pressure drop through the bed were encountered
immediately. As leaching proceeded, column pressure
drop increased until the tests were aborted when pump
limits were exceeded. Apparently, the compressibility of
the graphite bed, coupled with reprecipitation of metal
hydroxides as the initial acid was exhausted, caused ex-
cessive restriction of flow, These problems were not evi-
dent in the preliminary column leaching tests, which were
performed at a smaller scale.

Further leaching tests were performed using vessels
fabricated from plastic 2-gal (7.6-L) bottles with internal
paddles. The vessels were inclined and rotated at 25 rpm
to produce an action similar to that of a concrete mixer.
This configuration gave adequate agitation, allowed H,S to
escape, and did not cause excessive attrition. Two-stage



countercurrent tests were performed using 1.5 kg of kish
as feed. Acid stoichiometry was calculated based on Al
reacting to form trivalent ions, and Ca, Fe, Mg, and Mn
reacting to form divalent ions, The leachant was 120 pct
stoichiometric HCI with 65 pct of the total added in the
first stage and 35 pct in the second stage. Pulp density in
the vessel was 33 pct solids. Each of the two stages was
2 h long. Leaching kish graphite using these conditions
resulted in a 95- to 97-pet-C product. Table 11 lists a
typical analysis for HCl-leached kish graphite. This mate-
rial is of sufficient purity for the great majority of graphite
applications. There are, however, small-volume end uses
that require higher purity and are able to bear the cost of
further processing,

Table 11.—Analysis of HCl-leached
kish graphite, percent

Coiiiiiiiiiie, 97.4
Ca.....oovveenne 0.1
Fe ..viiviniiinn 0.2
T TP 0.1
SOy i 22

! eaching conditions: 2 stages, 2 h
per stage, 120 pct stoichiometric HCI.

The contaminants remaining in the graphite after HCI
leaching were major silica and minor silicates of Ca, Fe,
and Mg. Acid fluoride leachants were studied for silica
removal. In initial tests, solutions of HCI-KF were tricd
and found to be ineffective in removing silica, probably
owing to reprecipitation of K,SiF,.

Tests were next performed using HF. Experiments
showed that a single 2-h leach of the 95-pct-C graphite
using 120 pet stoichiometric HF at a pulp density of 33 pct
solids was sufficient to produce a 99-pct-C product. Stoi-
chiometry was based on SiO, reacting to form H,SiF,.
The overall HCI-HF leaching procedure resulted in a
product that was 99 pct C, 0.4 pet SiO,, and 0.1 pct Fe.
Other contaminants, such as Al, Ca, and Mg, were in the
200- to 700-ppm range.

GRAPHITE WASHING AND DEWATERING

Tests were conducted to determine the minimum
amount of water needed to wash the HCl-leached kish in
a simulated four-stage countercurrent washing operation.,
The first test used 4 mL H,O per gram of wet kish in each
washing stage. The wet kish was at 50 pct solids. Wash-
ing easily removed dissolved salts, but later calculations
showed that this amount of wash water would create an
unreasonably large amount of waste water that would re-
quire evaporation or treatment before disposal. Addition-
al tests were performed using stage volumes of 2.0 and

1.5 mL H,0 per gram of wet kish. Table 12 shows re-
sidual concentrations after four stages for all three wash
tests. The test using 1.5 mL H,0 per gram of wet kish re-
sulted in kish that was well washed while also reducing the
amount of waste water to be treated.

Table 12.—Results from four-stage countercurrent
washing of acid-leached kish

Stage volume, Residual solution

mL H,0 per g concentration, ppm pH
wet kish Ca Fe Mg Mn cr

40 ... 99 <1 <83 <002 <001 6

20 .. i 13 6.4 30 0.1 <001 6

L 16 11 40 02 006 5

Grams per liter.

Dewatering the concentrate going to acid leaching is
also important in order to decrease the amount of water
that will subsequently need to be treated. The first tests
conducted were vacuum filter leaf tests. Data from these
tests showed that filtration rates of greater than
2 (gal/min)/ft? [1.4 (L/s)/m?] and a filter cake of SO pct
solids could be achieved using a pressure differential of
50 torr.

Centrifugation tests were made with a 60-mesh screen
cloth placed inside the bowl of a laboratory centrifuge for
dewatering plus 100-mesh kish concentrate from the
Whirlsizer classifier. Even though the screen openings
were larger than the finest particles to be retained, losses
were approximately 0.4 pct of the feed material. The
dewatered centrifuge product was 78 pct solids,

SPENT ACID TREATMENT

The spent solution from HCI leaching was at pH 2 to
3 and contained approximately 25 g/L Ca, 57 g/L Fe,
8 g/L Mg, and lesser amounts of Al, Mn, P, and Si. Total
chloride content was 210 g/L. The iron content of fresh
solutions was essentially all in the ferrous state. This so-
lution must, of course, be treated before discharge, and
several alternatives were studied in the laboratory-scale
investigation.

Neutralization by direct addition of lime was effective
in precipitating the dissolved metals and resulted in a brine
from which CaCl, with purity greater than 99 pct could be
crystallized. Lime neutralization was very slow, however,
requiring 2 to 4 h depending on agitation rate. The long
reaction time allowed a substantial amount of the dissolved
ferrous iron to be oxidized to the ferric state, which gave
rise to large quantities of ferric hydroxide in the precipi-
tate. The precipitates were extremely difficult to filter.
Increasing agitation rate to speed up the neutralization



reaction also increased acration and only worsened the
oxidation problem,

The minus 100-mesh material discarded from physical
beneficiation operations contains a high proportion of
lime-rich slag and free lime. This material, which we
called basic fines if from the dry air elutriation column or
basic slimes if from the wet Whirlsizer classifier, was also
tried as a neutralizer for spent leach liquor. The neutral-
ization reaction was complete in only 30 min with moder-
ate agitation, and the precipitate filtered easily. Filtrate
after precipitation contained only Ca?* and Cl. Levels for
Fe, Mg, and Mn were below the detection limits of 3, 5,
and 0.05 ppm, respectively. The presence of finely divided
metallic iron in the basic slimes apparently keeps the
solution reduced to the ferrous state, and the fine graphite
and the colloidal silica released by reaction of the slag
particles act as nucleation centers, filtering aids, and floc-
culants to give a faster and cleaner precipitation than does
pure lime.

Washing and filter tests were performed on the hydrox-
ide precipitate from neutralization with basic slimes. A
3.75-in (9.5-cm) diameter leaf filter was connected to an
adjustable vacuum system. The leaf was placed in the pre-
cipitate, and the vacuum was turned on at a preset level
for a specific period of time. After formation of the filter
cake, the leaf was placed in clean water in order to test
the washability of the cake. The amount of chloride in the
wash solution and the final washed filter cake was of
major concern, Data from the filtration and washing tests
are listed in tables 13 and 14, which show that a 15- or
20-s form time gives good overall results with regard to
filtration rates and washing efficiency.

Table 13.~Data from filtration of iron-kish precipitate’

Filter cake form time, s........... 10 15 20 30
Dry cake formation rate, (lb/h)/ft>... 244.1 291.1 251.8 351.2
Cake thickness, mm ............. 4 7 10 19
Percent solid of wetcake ......... 447 473 473 519
Filtration rate, (gal/h)/f%
Cake formation ., ............. 321 263 241 16.1
Istwash ................000 235 277 381 143
2dwash ...vviiinnn e 251 362 539 161

Ipressure differential during tests, 150 mm Hg; filter medium,
Eimco POPR-929M.

Table 14.—Chloride ion distribution data from
fiitration of iron-kish precipitate

Filter cake form time, s .............. 10 15 20 30
Distribution of chloride ion, pet;
istwash, 458s.......,.....c.vvu. 90.7 90.0 91.1 39.1
2dwash,30s ............ . 0, 23 50 4.2 264
Dried filtercake ................. 70 50 56 346
Chloride analysis of dried cake,pct .... 10 07 07 37

The filtrate from neutralization was a clean solution
that could be evaporated to crystallize CaCl,, a potentially
salable byproduct. The remaining liquor could then be
recycled to the leaching circuit, where fresh HCI solution
is made up. An alternative method for handling the brine
is adding concentrated sulfuric acid to regenerate the HCI
leaching solution and removing calcium as precipitated
gypsum (CaSO,2H,0). The gypsum is also potentially
salable, but if a market cannot be found, it is much easier
to dispose of than the CaCl,. This method was studied
by adding, over a 10-min period, a stoichiometric quantity
of sulfuric acid to 30-pct CaCl, solution while stirring
constantly. The reaction proceeded smoothly, yielding a
free-flowing, bright white precipitate with greater than
99-pct purity. The filtrate contained 23 pct HCl and
0.61 pct residual CaCl,. The filtration and washing char-
acteristics were evaluated using the same equipment and
procedure as for the neutralization precipitate.

Table 15 lists results from the gypsum filtration and
washing tests. Table 16 lists the chloride ion distribution
data from the washing portion of the tests. The data show
that the precipitated CaSO, filters extremely fast and
washes quickly. The form time for filtration ranged from
2 to 5 s. The second wash solution for the 5-s form time
test had a chloride ion content of 0.19 g/L.

Table 15.—Data from filtration of CaSO, precipitate!

Filter cake formtime, s ............ovvvuns 5 10

Dry cake formation rate, (b/h)/ft2........... 659.1 4737
Cake thickness, mm .. ........covvvveniny 21 22
Percent solid of wetcake ................. 28.0 31.6

Filtration rate, (gal/h)/ft%

Cakeformation ..........covvivvenvnn, 113.6 59.3
tstwash ......... ..ol 628 832
2dWash ... ...ttt 1976 2100

pressure differential during tests, 150 mm Hg; filter medium,
Eimco POPR-913F.

Table 16.—Chloride lon distribution data from filtration

of CaSQ, precipitate
Filter cake formtime,s......ccvevv e 5 10
Distribution of chiloride ion, pct:
istwash, 458 ..........covviiniinnnn 86.4 76.2
2dwash, 308 ...,..ocviiiiiiiin 35 22,2
Dried filtercake ..................... <0.01 1.6
Chloride analysis of dried cake, pct .,...... <0.01 0.58

SOLID WASTES AND BYPRODUCTS

The solid materials rejected from laboratory operations
have not been studied in sufficient detail to determine
their potential marketability or suitability for disposal.
Some observations were made, however, that should be of
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use in planning further work on these materials, The ma-
jor solid waste is rejected from the first stage of graphite
beneficiation, e.g., the primary Whirlsizer classifier under-
flow. This material is primarily a physical mixture of gran-
ular iron and slag with an iron content of about 65 pct. It
should be suitable for landfill, the current disposal practice
for the raw kish. It may also have value as a cast iron
source, particularly for small foundry operations if the slag
is removed. Simple magnetic separation should give clean
iron in a form that is easily handled.

The iron-rich hydroxide sludge from neutralization of
spent HCI leach liquor does not contain high levels of any
particularly toxic compounds, but its stability to ground
water leaching was not studied. It is interesting that the
ferrous hydroxide oxidizes on standing and causes the
entire mass to set like portland cement. It is worth inves-
tigating the possibility that the hydroxide sludge could be
used as a briquetting cement for the iron from Whirlsizer
classifier underflow, as well as for the larger iron particles

rejected by initial screening, If sufficiently strong bri-
quettes could be made with a suitable composition, it is
possible that essentially all the iron content of the raw kish
could be returned to the blast furnace.

Depending on how the CaCl, brine is handled, either
solid calcium chloride or gypsum could be produced. Both
would be greater than 99 pct pure, and both are poten-
tially marketable as byproducts. Failure to find an outlet
means, of course, that they would become wastes. The
gypsum is relatively inert and insoluble and may be dis-
posable by landfill; calcium chloride, on the other hand, is
quite soluble and would require more expensive special
handling,

An additional solid waste is the calcium fluosilicate
precipitate that would result from neutralization of the
spent HF leach solutions. This material is relatively in-
soluble and is generated in small quantity. Further study
is required to determine final disposition.

EVALUATION OF GRAPHITE PRODUCTS

Graphite from kish looks quite similar to good-quality
natural flake graphite. Kish graphite tends to be brighter,
with smoother, more reflective surfaces. The range of
flake sizes available from kish is comparable to that of the
natural mineral; in fact, small quantities of flakes as large
as 1/2 in (1.3 cm) are recoverable from kish, but are ex-
tremely rare in natural graphite. The chemical purity of
graphite products from kish is also comparable to that of
natural graphite products.

One distinctive difference in kish graphite is its crys-
tallinity. Examination of various graphites by X-ray dif-
fraction showed graphite from kish often exhibited sharper,
narrower peaks is the diffraction pattern. The width of
diffraction peaks is an indication of the degree of crys-
tallinity, with narrow peaks resulting from more perfect
crystals. Better crystallinity implies better electrical and
thermal conductivity, which are important properties in a
large number of end uses for graphite. Once kish graphite
becomes commercially available from a stable source,
much work remains to be done in fundamental character-
ization of its chemical and physical properties in com-
parison to those of natural graphites.

Ultimately, the suitability of any particular graphite for
a specific end use must be determined by performance
testing in actual use. The graphite market is extremely
complex, with hundreds of end uses, and broad specifica-
tions for chemical and physical properties are not mean-
ingful. Samples of kish graphite were supplied to more
than 20 industrial graphite users, both directly and through
distributors. The consensus of results from their initial
evaluations for a wide variety of applications was that kish
graphite performs at least as well as the natural mineral.
Many users also expressed the need for larger samples for
full evaluations.

A pilot plant is needed to generate enough kish graph-
ite for a complete evaluation of the material, to optimize
the individual process operations, and to provide engi-
neering data for a realistic appraisal of process costs. The
final task of the kish research project was to bring together
the results of experimental work into an integrated design
for a pilot-scale kish-processing facility that would meet
those requirements.

PILOT PLANT DESIGN

A preliminary design was completed for a 1-st/d pilot
plant to be constructed at or near an operating steel plant.
Based on the laboratory work described above, the pur-
pose of the design was to estimate the size of process
equipment and the quantities of feed and intermediate
materials, reagents, and wastes to be handled in such

a plant. The design feed material was minus 6-mesh
skimmed kish with a free graphite content of 12.6 pct. In
the following description, stream numbers refer to the de-
tailed material balance and schematic flowsheets presented
in appendixes A and B.



BASIS

The basis for design of the proposed pilot plant is
2,000 Ib/d of graphite product analyzing 98 pct C. For
purposes of cost evaluation, the pilot plant data should be
extrapolated to a practical production plant at a medium-
size steelworks with an output of 5,000 to 10,000 Ib/d of
graphite. For a centralized graphite plant processing kish
from more than one steelworks, a larger scale would be
practical.

CONCENTRATOR SECTION

Concentration consists of particle sizing and two-stage
wet gravity separation utilizing Whirlsizer classifiers. Ad-
ditional wet screening and centrifugation remove fine
particles and water from the graphite concentrate.

Raw kish is dry-screened at 6 mesh, and the oversize,
which contains a large quantity of recyclable iron, is re-
jected. The minus 6-mesh fraction contains 13 pct free
graphite and is the plant feed, stream Al, which is vol-
umetrically fed to a mixing cone where it is combined with
water to form the slurry feed, stream A3, for the rougher
classifier.

Heavy iron and slag particles exit the bottom of the
rougher as a slurry, which passes across a sieve bend for
dewatering. The solids are rejected as stream AS, and
underflow water, stream A6, is recycled to the rougher
classifier,

The rougher overflow slurry, with solids containing
48 pct free graphite, is split on a double deck wet screen
at 50 and 100 mesh. The plus 50-mesh fraction, stream
A7, passes directly to concentrate dewatering. The inter-
mediate size fraction, stream A8, goes to the cleaner
classifier for additional concentration, and the minus
100-mesh material, stream A9, is sent to the slimes
thickener. Cleaner overflow, stream A13, is combined
with coarse rougher concentrate and is dewatered on a
sieve bend to stream Al4 with 54 pct solids, then cen-
trifuged to the final concentrate, stream A21, with 80 pct
solids, which have a free-graphite content of 70 pct.
Cleaner underflow, stream A12, is returned to the rougher.

Fine particles from the double-deck wet screen and
from concentrate dewatering contain a high proportion of
free lime. This material is collected in the slime thickener
and passes as stream A20 to the waste treatment section.
The clarified thickener overflow is recirculated to the
classifiers.

LEACHING SECTION
HCI Leaching

Leaching of the concentrate with HCl is a three-stage
countercurrent operation that runs for 20 h/d. Cycle time
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for each leaching stage is 2 h, with net residence time
of 1.5 h. The leaching vessels are constructed of fiber-
reinforced plastic or rubber-coated steel. Their shape and
operation are similar to those of a concrete mixer. A
3.3-ft-diam by 4.5-ft-long cylindrical body (38.5-ft° volume)
with a domed bottom and a truncated cone top section 1 ft
long with a 1.5-ft-diam opening is rotated during leaching
at 5 to 10 rpm about its axis, which is inclined 37° from
the horizontal. Excessive agition and aeration must be
avoided to prevent oxidation of dissolved iron to ferric
chloride. At the conclusion of each leaching stage, a
50-mesh plastic screen is clamped to the top opening, and
the vessel is tilted to drain the liquor. The vessel is then
returned to the leaching position, the screen is removed,
next-stage liquor is added, and leaching continues. By
transferring only the liquor from vessel to vessel, unnec-
essary degradation of graphite flake is avoided. Although
the flowsheet indicates that solids pass through each vessel
in turn, that is only a schematic representation of the way
the process operates. In actuality, once the solids are
loaded into a particular vessel, they remain there until
removed for final washing,

In practice, a batch of feed, stream B1, is loaded into
a leach vessel. Liquor stream B2A from the just-
completed second-stage leach is added, along with 25-pct
HCI, stream B2, and first-stage leaching commences. At
the end of the cycle, the vessel is drained, with liquor
stream B6 going to the waste treatment section. Liquor
stream B3A from third-stage lcaching is now added to the
vessel along with 25-pct HCI, stream B3, and the second-
stage leaching cycle begins. At the end of that cycle, the
vessel is again drained, with the liquor, now stream B2A,
passing to the new first-stage vessel.

The third-stage leaching cycle is actually a preliminary
washing step to remove most of the soluble chlorides
formed in the first- and second-stage leaches. The solid is
agitated with used wash water, stream B4A, from the final
washing operations.  After this cycle, drained liquor,
stream B3A, is passed back to the new second-stage vessel,
and the solids are washed from the vessel as stream B4B
into a batch-type basket centrifuge with a 60-mesh screen.
Additional wash water is sprayed into the centrifuge. The
final product of HCI leaching, stream BS, contains 20 pct
moisture, and its grade, on a dry basis, is 95 pct graphite.
If this material is the desired final product, it passes
directly to the dryer. For higher purity graphite, the
product of HCl leaching passes to an optional HF leaching
section.

HF Leaching (Optional)

For greater than 95-pct purity, product B5 from HCl
leaching becomes stream C1 and is releached with an HF
solution in an operation with two leaching stages and a
final washing and dewatering stage. The leaching vessels
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are smaller at 2.7-ft diam by 3.5 ft long; otherwise
operation is the same as for HCI leaching. The product,
stream C4, is 98- to 99-pct-pure graphite with 20 pct
moisture. Spent acid stream C5 and vapor stream C6
from the leaching vessels pass to the waste treatment
section.

Drying

Products of leaching contain 20 pct moisture. They are
sent as stream F1 to a rotary or tray dryer to produce the
final products, stream F4. Assuming air entering at 400 °F
as stream F2 and exiting at 200 °F as stream F3, and an
overall efficiency of 60 pct, the heat requirements are
2.1 million Btu per short ton of graphite product.

WASTE TREATMENT SECTION
HCi Recovery

Waste acid from HCl leaching, stream D1, is combined
with the high-lime thickener underflow, stream D2, and
agitated for 1 h. All chloride is converted to soluble
CaCl,, and all metals other than Ca are precipitated as
hydroxides. Aeration of the slurry must be minimized to
ensure a filterable ferrous hydroxide solid. The slurry is
dewatered and washed on a belt filter, and the wash water
is added to the filtrate. The hydroxide cake, stream D4,
is sent to disposal,

The clarified CaCl, solution must be concentrated to
maintain the water balance in the leaching circuit. A
vertical tube evaporator is used to give a final concen-
tration of 31 pct CaCl, in stream D5. The concentrated
CaCl, solution passes to a second agitated tank, where it
is reacted with sulfuric acid, stream D7, to precipitate
gypsum and regenerate HCI for recycle. The slurry is
dewatered and washed on a belt filter to give a pure
gypsum cake, stream D9, The clean HCI filtrate is
brought up to required strength with makeup stream D10
and recycled to the leaching section as stream D11,

Vapor Scrubber

HCI leaching of kish produces H,S and some HCl
vapor, so the leach reactors must be vented through a
scrubber,  Vapor from HF leaching vessels is also
scrubbed with the same unit. Funnel-shaped hoods over
each of the leach vessels are connected with flexible ducts
to a central air pipe, which carries about 140 ft*/min
(stream E1) through the scrubber. Laboratory operation
has shown that a 10-pct solution of soda ash circulating
through a scrubber packed with 1- to 2-in plastic rings
or saddles effectively removes H,S and HCl. Turnkey

scrubber systems are also available that guarantee
compliance with emissions standards.

Fluoride Disposal

Waste acid from HF leaching, stream D20, is neu-
tralized with lime and filtered to give a stable solid con-
taining primarily calcium fluosilicate, stream D22, for
disposal.

DESIGN SUMMARY

The preliminary pilot plant design for treating skimmed
kish utilizes simple equipment for physical beneficiation,
acid leaching, and waste treatment. The gravity concen-
trator section for beneficiation uses hydraulic classifiers for
high throughput with low labor requirements. A concen-
tration factor of 5.5 is achieved to give a final concentrate
with 70 pct graphite. Recovery of free graphite is some-
what arbitrarily set at 64 pct by the choice to reject the
minus 100-mesh fraction of the classifier overflow prod-
ucts. The final choice of reject screen size will require
an evaluation of the tradeoff between the increasing cost
for acid leaching a more impure concentrate with finer
graphite and the decreasing value of the smaller particles
in the final product.

Acid leaching requires approximately 0.4 Ib of HCI to
produce 1 Ib of graphite with 95-pct purity. In late 1993
prices, that amounts to a primary reagent cost of $0.044/Ib
of product. Additional treatment to make product with
98- to 99-pct purity would consume 0.04 Ib HF per pound
of graphite at a cost of $0.030. Values of flake graphite
vary tremendously depending on flake size, purity, and
user-specific properties, but the range of industrial user
prices for 95-pct-pure graphite is about $0.20 to $0.60/1b;
for high-purity material, the range is $0.50 to over
$1.00/1b.

The primary wastes from kish processing are the high-
iron solids from the concentrator, the hydroxide cake from
neutralization of spent HCl leaching solution, gypsum cake
from HCI regeneration, fluoride cake from neutralization
of spent HF, and sulfide waste from the vapor scrubber.
For each 2,000 weight units of graphite product, 20,000
units of concentrator tailings contain about 14,000 units of
granular pig iron that may be salable as foundry feed if
slag is removed by magnetic separation. It could also be
returned to the blast furnace if treated in a sinter plant or
briquetted as mentioned above. The hydroxide cake
contains 2,225 units of solids that should be stable in a
landfill, as should the 1,950 units in the gypsum cake.
Further work is required to determine the best methods
for disposing of the fluoride- and sulfide-containing solids,
which total 328 units.



13

CONCLUSIONS

The technical feasibility of producing high-quality flake
graphite from steelmaking kish has been demonstrated.
Graphite can be produced that exceeds the requirecments
of essentially all applications of the natural mineral. The
simplicity of processing indicates that kish graphite may
also be price competitive with natural graphite; reliable
economic evaluation must, however, await the results of
pilot-scale studies. The size of the kish resource is more

than sufficient to meet foreseeable demand for flake
graphite.

This investigation shows the possibility of reversing the
present position of the United States from being totally
dependent on foreign sources for a strategic and critical
mineral to becoming a net exporter of graphite with
improved quality and a stable supply.
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APPENDIX B.—FLOWSHEET FOR KISH PROCESS

CONCENTRATOR SECTION

Raw Kkish
Reject
Al
A2 —
A3
A4 A7 -
A8
A9
A5 Reject
A6
o Al4
A
A15
__A16
A19 A18 Al7

A20

To D2

A21

21

Concentrate
to B1
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LEACHING SECTION

» To D1
B7
(%oncel}‘t;afe B1 B6 —»To E1
- » To D20
HCI B2
B2B | | B2A
HCI B:f-»%’ i
B3B | | B3A Fi
F2
B4B | | B4A Water A F4
] |_> i
] e, Graphite
Water B4 —->r| | L_] | Craphi
y .
B5 c4

\ 4
\




WASTE TREATMENT SECTION

From B7, C6 E1 >
From C5 D20
From B6 —2!
From A20 —22 o
Y_Y D21 0
E1
D3 4
D4
D22
Hydroxide
< cake D23
D6, water vapor Fluoride
Waste water cake
N\
D5 b7 Sulfuric acid
A /
E2
D8
J! D9
Makeup _ D10 |
HCI
L Gypsum
cake
D11

Recycle HCI
to B2, B3

23

E4 Scrubber
vent

E3

Sulfide
waste
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